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El teléfono inteligente como instrumento de medida del nivel sonoro: visualización del batido acústico
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Abstract
Acoustics is a topic in first year Physics courses for engi-
neering students. In this respect, we present in this work a 
simple experiment to study acoustic beat phenomenon. The 
superposition of sound waves of slightly different frequencies 
is captured with the microphone of a smartphone which is 
placed equidistantly from two speakers which are connec-
ted at the same time to AC generators. The smartphone is 
used here as a measuring instrument. Data registered from 
the sound level versus time were collected and exported to 
a «.csv» file for further analysis by means of a free Android 
application. Based on these data and applying a simple gra-
phing analysis the frequency of the beat was determined and 
compared with the frequency difference set at the AC genera-
tors. Percentage discrepancies within 1% were obtained. This 
indicates the efficacy of the method used.
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Resumen
En este trabajo presentamos un nuevo experimento de acús-
tica para estudiantes de primer año de ingeniería. Hemos di-
señado un montaje muy simple para estudiar la superposición 
de ondas de sonido de frecuencias ligeramente diferentes 
(batido acústico). Hemos utilizado el micrófono del teléfono 
inteligente para captar las ondas de sonido emitidas por dos 
altavoces ubicados a ambos lados del mismo y a distancias 
equidistantes. Los altavoces a su vez están conectados a ge-
neradores de corriente alterna. En esta experiencia, el teléfo-
no es utilizado como instrumento de medida. Los resultados 
del nivel sonoro (en dB) en función del tiempo se exportaron a 
un fichero “.csv” a través de una aplicación libre para Android. 
A partir de los datos registrados y un análisis gráfico sencillo, 
se obtuvo la frecuencia del batido. El valor determinado de 
este modo se comparó con la diferencia de frecuencias en-
tre los generadores y se obtuvo una discrepancia porcentual 
menor del 1%. El buen acuerdo alcanzado indica la eficacia 
del experimento presentado para el estudio docente de este 
fenómeno acústico
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Introduction 
Portable devices’ sensors offer a wide 
range of possibilities for the develop­
ment of Physics teaching experiments 
in early years. For instance, digital 
cameras can be used to follow physi­
cal phenomena in real time since dis­
tances and times can be derived from 
the recorded video (Monsoriu 2005). 
Wireless devices such as wiimote have 
been also used in Physics teaching ex­
periments (Tomarken 2012). The wii­
mote carries a three axis accelerometer 
which communicates with the console 
via BluetoothTM. More recently, smart­
phones have been incorporated to this 
variety of portable devices (Kuhn 2012, 
Castro­Palacio 2013). For instance, the 
acceleration sensor of the smartpho­
nes has been used to study mechani­
cal oscillations, at both the qualitative 
(Kuhn 2012) and the quantitative levels 
(Castro­Palacio 2013). These works 
show very simple experiments in which 
the smartphone itself is the object un­
der study. The acceleration data are 
captured by the acceleration sensor of 
the device and collected by the proper 
mobile application. 
All smartphones are equipped with 
a microphone, which can be used to 
record sounds with a sample rate of 
44100 Hz, and in some new devices up 
to 48000 Hz. This allows to analyze 
different acoustic phenomena with 
the smartphone microphone (Kuhn 
2013a). The sound frequency spec­
trum captured by the smartphone mi­
crophone can be analyzed with a num­
ber of free applications, such as Audio 
Spectrum Monitor (Yamaoka 2017) and 
Spectrum Analyzer (Johnson 2017). 
Also, the fundamental frequency of a 
sound wave can be measured with very 
high precision, which allows to study a 
frequency­modulated sound in Physics 
laboratory (Gómez­Tejedor 2015) and 
the Doppler Effect for sound waves 
(Gómez­Tejedor 2014). 
Using smartphone devices, several 
methods to measure the velocity of 
sound have been proposed. For ins­
tance, by means of the Doppler effect 
using ultrasonic frequency and two 
smartphones the speed of sound can be 
determined with an accuracy of about 
5% (Klein 2014). Based on the distan­
ce between the two smartphones and 
the recording of the delay between the 
sound waves traveling between them, 
the actual speed of sound can be ob­
tained (Parolin 2013). Using economic 
instruments and a couple of smartpho­
nes, it is possible to see nodes and an­
tinodes of standing acoustic waves in a 
column of vibrating air and to measure 
the speed of sound (Parolin 2015). By 
the study of destructive interference in 
a pipe it is also possible to adequately 
and easily measure the speed of sound 
(Yavuz 2016). A sonometer application 
can be used to measure the resonance 
in a beaker when waves with different 
wavelengths are emitted by the smart­
phone speaker. This application can 
also be used to measure and analyze 
Doppler effect, interferences, fre­
quencies spectra, wavelengths, etc. or 
to study other phenomena in combi­
nation with some other fundamental 
physics laboratory equipment such as 
Kundt or Quincke tubes (González 
2015). On the other hand, measure­
ments with the smartphone micropho­
ne can be used to analyze physical pro­
cess not directly related with acoustic. 
The sounds made by the impacts of a 
ball can be recorded with the micro­
phone. The impacts result in surpri­
singly sharp peaks that can be seen as 
time markers. The collected data allow 
the determination of gravitational ac­
celeration (Schwarz 2013). 
In order to measure the acoustic 
beat, two mobile phones can be pla­
ced at a short distance from each other 
Foto: TWStock / Shutterstock.
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and then play previously recorded tones with a constant fre­
quency with the MP3 function. The signal can be captured 
using a microphone and by the line­in of a sound card in 
a computer, and then, the recorded signal can be analyzed 
with suitable audio software (Kuhn 2013b). In a similar way, 
three smartphones can be used to analyze the acoustic beat: 
two of them produce the sine tones with slightly different 
frequencies and the third device detects and analyzes the 
overlapping oscillation (Kuhn 2014). In this kind of experi­
ments, oscillogrammes are recorded and the acoustic beats 
are derived from the varying envelope amplitude. 
In the present work, a more intuitive procedure is presen­
ted in order to characterize acoustic beats with a smartpho­
ne. When two sound waves of very close frequencies are su­
perimposed, a “vibrating” tone is perceived. This is the basic 
principle behind the tuning of musical instruments. Instead 
of using oscillogrammes, we propose to capture the percei­
ved vibrating tone by using the smartphone as a sonometer. 
The sound waves are generated by two independent speakers 
connected to AC generators, although two other smartpho­
nes may be also used to generate the sine tones. By means 
of the free application Physics Toolbox Sound Meter (see Fig. 
1) (Vieyra 2017), the students are able to measure the sound 
intensity (in dB) of the acoustic beats as a function of time. 
The resulting sound intensity variations are directly dis­
played on the mobile screen and the frequency beat can be 
quantitatively obtained. Moreover, the recorded sound le­
vels can be exported to a PC for a more quantitative analysis, 
i.e. by email, cable or Bluetooth connection. In this way, the 
varying intensity of the vibrating tone is derived from the 
sound level measurements and fitted to a harmonic function 
in order to accurately obtain the corresponding frequency 
beat. The results are compared with the frequency differen­
ce of the superimposing AC signals, and a very good agree­
ment is obtained. 
Basic theory 
Let 1( ) and 2( ) be two harmonic oscillations of equal am­
plitude , very close frequencies  and  + , and initial 
phases 1 and 2, 
(1)
(2)
After some basic mathematical manipulations, the super­
position of both  oscillations gives rise to, 
(3)
 
The frequency of the resulting oscillation is the average 
value of the superimposing oscillations. The resulting am­
plitude is, 
(4)
The intensity of the wave resulting from the interference 
of the initial oscillations is proportional to the amplitude 
squared. Let us denote the proportionality factor as , 
(5)
where   2  1. Eq. (5) can be rewritten as, 
(6)
where  =  is the frequency beat and  is the max­
imum sound intensity. Figure 2 shows the example of 1( ) 
and 2( ) which are oscillations of the same amplitude,  = 1 
cm, close frequencies  = 10 Hz and  +  = 10 + 1 = 11 Hz, 
and initial phases 1 = 2 = 0 rad. The frequency of the ampli­
tude squared  (and so of the intensity I = 2) is  = 1 Hz. 
All the theory explained above is applicable to sound waves 
such as those generated by speakers placed at equal distances 
from the microphone of the smartphone. The speakers are 
fed with slightly different signals of same effective voltage 
from two independent AC generators. 
Experimental results 
The experimental setup used to carry out the experiments 
is shown in Fig. 3. It consists of two AC generators (model 
33120A of Hewlett Packard), two identical speakers (mo­
del AD70800/M4 from Philips) facing each other, and the 
Figure 1. Screenshots of the Physics Toolbox Sound Meter App (Vieyra 2017). 
The application allows measuring the sound level instantaneously as shown in 
the image on the left. The application also allows recording the sound level as 
a function of time. As an example, the image on the right shows the evolution of 
the sound level produced by a tuning fork.
Figure 2. Superposition of two oscillations 1( ) and 2( ) of the same amplitude (
 = 1cm) and close frequencies (  = 10 Hz;  +  = 11 Hz). The figure shows 
the two single oscillations ( 1 and 2), the superposition of the oscillations and 
the envelope curve ( 1 + 2), and the amplitude squared (
2). 
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necessary cables to get all appliances 
connected. Finally, the smartpho­
ne is placed in the mid­way between 
both speakers. Two other smartpho­
nes with an application for generating 
a sine tone, could be also used. The 
Android application Physics Toolbox 
Sound Meter, capable of measuring the 
sound level of the waves coming from 
the speakers, was previously installed 
on the smartphone. First, the same 
effective voltage is set at both AC ge­
nerators. The speakers were fed with 
signals of similar frequencies and wi­
thin the human audible range. We 
have used the frequencies 400 Hz and 
401 Hz in the example shown in Fig. 
3. After checking that the beat can be 
heard, the mobile application is turned 
on. The beat oscillations are then ob­
served on the mobile screen (Fig. 4). It 
can be verified that, even when there is 
a small level of background noise, and 
the sampling frequency can not resolve 
the minimum values of the signal, the 
periodicity of the oscillations are still 
observed. 
After recording the sound level for 
several seconds, the registered data, 
previously exported to a .csv file, can 
be sent to a PC for further analysis. 
For this purpose, different ways can be 
used, namely, cable connection, Blue­
tooth or email. In order to derive the 
beat frequency, the first step is to con­
vert the registered sound level  in dB 
to the sound intensity  in W/m2 using 
the following expression (Tipler 2015), 
 
I=I010
b /10                                                (7)
 
where 0 = 10
−12W/m2 is the standard 
value of the intensity threshold of the 
audible range in humans. Later, an in­
terval of 5 s is chosen from the central 
part of the time series recorded by the 
smartphone. This segment of data for 
( ) is fitted using a least­squares algo­
rithm to the Eq. (6). The only relevant 
quantity to this work is the beat fre­
quency, , although the other two pa­
rameters ( max and ) can be also ob­
tained from the fitting procedure. The 
use of sine or cosine functions in the 
fitting does not make any difference 
since it affects only the initial phase 
and not the frequency of the acoustic 
beat which is our objective function. 
Based on the values of frequency ob­
tained from the fitting, the frequency 
of the beat  can be determined and 
compared with  which is the differ­
ence of the frequencies from the AC 
generators. 
Figure 5 shows the results for a fre­
quency difference in the AC generator 
as 1Hz. First, the central interval of 
the time series of the sound level (in 
dB), registered with the smartphone is 
represented in Fig. (5a). The resulting 
beat frequency is = 1.008 (0.002) Hz 
with a regression coefficient 2 = 0.90. 
The discrepancy with respect to the 
frequency difference in the AC gene­
rator is 0.8%. 
In order to provide further verifi­
cation of the experimental procedure, 
several combinations of close frequen­
cies ( ≈ ) are used. For example, 
Figure 6 shows the results for frequen­
cy differences in the AC generators of 
 = 0.5 Hz, with an experimental fre­
quency beat of = 0.5020 (0.0004) Hz 
and a regression coefficient 2 = 0.99. 
The quality of the fit can be seen in 
the value of 2 which is close to 1. In 
this case, the discrepancy with respect 
to the expected value is 0.4%. 
We repeated the proposed experi­
mental procedure to characterize the 
acoustic beats with frequency diffe­
rences in the AC generator between 
0.5 and 1.5 Hz and main frequencies 
between 400 and 700 Hz. In all cases, 
the discrepancies were lower than 1%. 
Therefore, the precision of the fre­
quency measurements was reasonably 
enough to capture the acoustic beat 
phenomenon. Nevertheless, the aim 
of this work is to show a new Physics 
experiment based on a smartphone, a 
very familiar device to the students 
Figure 3. Photograph of the experimental setup: the speakers (1 and 2), the smartphone (3) and the AC 
generators (4 and 5). 
Figure 4. Variations of the sound level of the acous-
tic beat as shown on the smartphone’s screen by 
the application Physics Toolbox Sound Meter. 
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Conclusions 
A new Physics teaching experiment 
for first years engineering students has 
been presented in this work. A smart­
phone with an AndroidTM application 
has been used as sonometer to measure 
the sound intensity of the beats formed 
by the superposition of sound waves 
generated at speakers connected to 
AC generators. The interfering waves 
had the same amplitude and very close 
frequencies. The time series genera­
ted from the measurements with the 
smartphone are further analyzed by 
the students in order to determine the 
frequency of the beats. The beat fre­
quency obtained from the smartphone 
data reproduces the value calculated 
from the AC generators frequencies 
within 1%. The use of smartphones in 
Physics teaching experiments is a very 
motivating experience for the students. 
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Figure 5. a) Time series of the sound level in dB ( ) (squares). b) Time series 
of the sound intensity ( [ ] in Eq. [5]) (circles), along with the fitted function 
(red solid line). Results correspond to a frequency difference of 1 Hz in the AC 
generators. 
Figure 6. a) Time series of the sound level in dB ( ) (squares). b) Time series of 
the sound intensity ( [ ] in Eq. [5]) (circles), along with the fitted function (red 
solid line). Results correspond to a frequency difference of 0.5 Hz in the AC 
generators. 
